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Abstract 
Multiple cropping index reflects the intensity of arable land been used by a certain planting system. The bond 
between multiple cropping index and NDVI time-series is the crop cycle rule, which determines the crop process of 
seeding, jointing, tasseling, ripeness and harvesting and so on. The cycle rule can be retrieved by NDVI time-series for 
that peaks and valleys on the time-series curve correspond to different periods of crop growth. In this paper, we aim to 
extract the multiple cropping index of China from NDVI time-series. 
Because of cloud contamination, some NDVI values are depressed. MVC (Maximum Value Composite) synthesis is 
used to SPOT-VGT data to remove the noise, but this method doesn’t work sufficiently. In order to accurately extract the 
multiple cropping index, the algorithm HANTS (Harmonic Analysis of Time Series) is employed to remove the cloud 
contamination. The reconstructed NDVI time-series can explicitly characterize the biophysical process of planting, 
seedling, elongating, heading, harvesting of crops. Based on the reconstructed curve, we calculate the multiple cropping 
index of arable land by extracting the number of peaks of the curve for that one peak represents one season crop. 
This paper presents a method to extracting the multiple cropping index from remote sensing image and then the 
multiple cropping index of China is extracted from VEGETATION decadal composites NDVI time series of year 2000 
and 2009. From the processed data, we can get the spatial distribution of tillage system of China, and then further 
discussion about cropping index change between the 10 years is conducted. 
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1. INTRODUCTION 
China supports 22 percent of the world population with 8.6 percent of the world arable land (Zhiming Feng, 2002; 
Xunhao Liu, 1992). Multiple cropping contributes a lot to this because this kind of cropping pattern makes full use of the 
abundant light and heat resource, solves the problem of inhomogeneous moisture distribution and settles the matter that 
China is short of arable land. Multiple cropping means cultivating twice or even more times on a piece of land in a year 
(Liu Xunhao, 1993, 1996), and it’s the simplest way to increase regional crop production (Hayami Y, 1985; Turner II B L, 
1977; Turner II B L,1978). Multiple Cropping Index(MCI), which is an important guide line in the assessment of 
agriculture, is defined as the ratio of cultivated area to agriculture area within one administrative unit. Extracting MCI 
with traditional survey methods, which is time consuming, don’t support the spatial information, thus it’s urgent to 
propose an extracting method based on remote sensing, which conveys the information of the earth surface timely. 
Panigraphy, S. got the MCI of India from IRS LISS-1, which was launched in India, using the method of Maximum 
Likely Hood (Panigrahy S, 1997,2005). 
As a tool for monitoring vegetation, NDVI has been used in phonological analysis, classification of different 
vegetation and supervision of land use change. Bradley C. Reed described the characteristic values of NDVI time-series 
and their corresponding phonological meaning in detail (Reed B C, 1994). Xiangming Xiao evaluated the seasonal 
dynamics of NDVI for a seasonally moist tropical evergreen forest in Brazil (Xiangming Xiao, 2005). Xiangming Xiao 
conducted continental-scale analysis of multi-year VGT data for Northern Asia and found that residual atmospheric 
contamination caused a large uncertainty in the NDVI anomaly (Xiangming Xiao, 2003). Fabio Maselli used SPOT-VGT 
and NOAA-AVHRR data to estimate forest gross primary productivity and got the conclusion that SPOT-VGT data was 
superior to NOAA-AVHRR data for the higher radiometric and geometric quality of the former data set, whose 
production also comprises an atmospheric correction module (Fabio Maselli, 2006). Former research indicates that 
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SPOT-VGT data is a sufficient tool to research the dynamic change of vegetation. In this paper, we use SPOT-VGT data 
to extract multiple cropping index of China and statistic data is employed to evaluate the efficiency of the extracting 
method.  
2. METHODOLOGY 
The bond between multiple cropping index and NDVI time-series is the crop cycle rule, which determines the crop 
process of seeding, jointing, tasseling, ripeness, harvesting and so on. For instance, in north China, winter wheat turns 
green in early March, joints in early April, tassels in early May and matures in late May. As crop growing stage changes, 
pigment in crops and cell structure, which determines the reflectance of crop in the visible and near infrared band 
(Quarmby NA, 1993), changes accordingly. After seeding, NDVI value of the corresponding region grows, for the 
increasing reflectance in the near infrared region and decreasing reflectance in the green region, until tasseling; after that, 
NDVI value falls down. If a land is cultivated once in a year, NDVI time-series curve shows single crop phenology 
circulation, and if twice, the curve shows double crop phenology circulation. So we can extract the number of peaks on 
the NDVI curve to find how many times a land is cultivated. Figure 1 demonstrates the NDVI curve of single cropping 
area (fig. 1a), double cropping area (fig. 1b), and triple cropping area (fig. 1c).  
Figure 1. Typical NDVI curves of different cropping system 
NDVI (Normalized Difference Vegetation Index), which is widely used in the assessment of vegetation coverage 
and its growing condition, is an indicator generated from the reflectance of green and near infrared region. Among 
different NDVI products, SPOT-VGT is one designed for vegetation monitoring, and it is sensitive to canopy and water 
content of vegetation, so it’s an ideal data source for the extraction of vegetation information at regional and global scale. 
VGT-S10 is one of the primary SPOT-VGT products. It’s a ten day synthesis product with MVC (Maximum Value 
Composite) method, picking the maximum value out of the images of each ten days, and this makes the product less 
contaminated by clouds. The spatial resolution of VGT-S10 is 1km, which means each pixel of a VGT-S10 product 
represents an area of 1km*1km. In this research, VGT-S10 data is used to extract MCI. 
2.1. Reconstruction of NDVI time-series 
Figure 2. Reconstructed curves of the curves demonstrated in fig. 1 
NDVI is usually contaminated by clouds and atmosphere disturbance (LOS S.O., 1994). Though MVC is applied to 
NDVI time-series to reduce noise, the curve is still serrate, for NDVI is also influenced by the spatial location of the sun, 
the sensor and the object (Cihlar J, 1994). The contaminated data can’t be used directly to monitor the condition of 
vegetation. In order to conquer this problem, HANTS (Harmonic Analysis of Time Series) is employed. 
Fourier analysis is widely used in reconstructing time series data (Menenti, M.,1993), but this method requires 
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observations be relatively error (cloud) free and equidistant in time (G.J. Roerink, 2000). HANTS is derived from 
Fourier transform and it resolves the problems mentioned above by applying a least squares curve fitting procedure. This 
method simulates a new curve with all points on the time series curve, and removes those points which deviate largely 
from the simulated curve. Based on those remaining points, a new curve is simulated. Repeat this procedure several 
times and a reconstructed time series is obtained. Because the HANTS based new curve is not influenced by those 
contaminated points, HANTS is more reliable than Fourier transform. Figure 2 demonstrates the reconstructed NDVI 
time series: single cropping curve (fig. 2a), double cropping curve (fig. 2b), and triple cropping curve (fig. 2c). 
2.2. Extraction of cropping system information 
As analyzed above, each season of crop corresponds to one peak on the NDVI time series. In order to figure out 
how many times a farmland is cultivated, we should count the corresponding peaks. Before that, an assumption should 
be made that all noise is removed from the NDVI curve and NDVI accurately reflects the condition of vegetation 
biomass. Considering HANTS filter outstanding performance, this assumption is reasonable.  
But there’re still some factors that handicap the information extracting process. One problem is that one season 
winter wheat corresponds to two peaks on the NDVI curve. During a period of time after semination, NDVI value is low 
for the almost bare soil, but NDVI value increase after seedling, accompanying the accumulation of wheat biomass. 
NDVI values decrease at the over-wintering stage and this tendency continues until the regreening stage comes, after 
which NDVI value goes up again. Maximum NDVI value, the second peak at the NDVI curve of winter wheat, appears 
at the tasseling stage because the chlorophyll content bumps up mostly. This phenomenon requires us to extract the peak, 
accompanying with tasseling stage, despite the effect of the peak of winter wheat in winter. Aiming at this, time mask, a 
mask used to screen the peaks during over-wintering stage (from October to February of the next year) of winter wheat, 
is employed in winter wheat growing area and only those peaks corresponding to tasseling stage are extracted. Another 
problem is that bare land will influence the extraction process though no crop is cultivated in that plough. Some arable 
land is not cultivated in a few years to restore the fertility. The curve, corresponding to the uncultivated arable land, 
fluctuates during the year for atmospheric disturbance or sensor error. This kind of fluctuation creates false peaks, which 
doesn’t represent a season crop, and handicaps the indicator extraction process. But bare land curve has its own defects 
that the NDVI value is low all along the year, as a result we can set a threshold to rule out the negative effect. After 
several tests, we come to a result that 85 is the threshold discriminating cultivated land and bare land. 
2.3. Spatial statistic at administrative unit 
Traditional statistic data reflects the general characteristics of regional units, but this kind of data is based on 
administrative unit. In order to make a comparative analysis between remote sensing based result and traditional statistic 
data, and verify the accuracy and reliability of the extraction method, we need to calculate the multiple cropping index of 
different administrative units. Aiming at this, we use the equation: 
ܥܫ ൌ ∑ ܯܥܫ௜
௡௜ୀଵ
݊  
Where CI means cropping index of a definite unit, MCIi means multiple cropping index of a pixel, n means the 
number of pixels within the administrative unit. 
3. RESULTS AND DISCUSSION 
3.1. Data preparation 
In this paper, SPOT/VGT-S10 products are used to extract multiple cropping index of China in year 2000 and 2009. 
These kinds of products are compiled by merging segments acquired in a ten days, reducing the cloud cover influences. 
Each pixel of a SPOT/VGT-S10 product represents a ground area of about 1km * 1km. We collect SPOT/VGT-S10 data 
covering China of year 2000 and 2009, 72 scenes of 10 days composite data all together. With these data, we reconstruct 
the NDVI curve first, and then extract the number of peaks based on the smooth curve. 
Other vegetations, except crops, have different NDVI values all along the year, forming a NDVI curve on the NDVI 
time series. To discriminate other vegetation from crops, arable land masks of year 2000 and 2009 are needed to screen 
non-arable land. The arable land distribution map we use in this research is from the resource and environment database 
of China (Liu Jiyuan, 2003), at a resolution of 1km, the same as the resolution of NDVI time series. We overlay it with 
SPOT/VGT-S10 data to extract cropping area and then get multiple cropping index of China. 
3.2. Extracted results 
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Using the method mentioned above, we can get a multiple cropping index distribution map of China. Figure 3 and figure 
4 is the map illustrating MCI distribution at county level of China in year 2000 and 2009 respectively, which divides the 
results into 5 grades: no arable area, fallow area, single cropping area, double cropping area, and triple cropping area. 
Figure 3. Multiple Cropping Index distribution map of China in year 2000
Figure 4. Multiple Cropping Index distribution map of China in year 2009
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Table 1 lists the extracted MCI of the whole nation and different provinces of China, which gives us a comparison 
between year 2000 and year 2009. 
Table 1  Multiple cropping index of different provinces of China 
 
2000 2009 
 
 
2000 2009 
Heilongjiang 99.9 97.6  Henan 148.5 159.3 
Inner Mongolia 99.1 96.6  Jiangsu 185.6 182.6 
Xinjiang 101.1 108.4  Anhui 161.3 164.4 
Jilin 99.7 95.9  Sichuan 106.2 115.2 
Liaoning 101.2 99.3  Hubei 129.1 135.9 
Gansu 98.2 128.2  Chongqing 101.9 110.5 
Hebei 143.1 120.5  Zhejiang 158.7 152.2 
Beijing 134.4 105.7  Hunan 166.7 127.9 
Shanxi 117.8 113.2  Jiangxi 162.3 138.1 
Tianjin 136.9 115.5  Yunnan 125.5 126.3 
Shanxi 127.8 139.0  Guizhou 129.1 101.6 
Ningxia 63.5 96.9  Fujian 162.9 144.3 
Qinhai 98.0 101.1  Guangxi 187.9 197.7 
Shandong 163.3 147.3  Taiwan 213.3 205.6 
Tibet 88.2 86.3  Hainan 190 188.5 
Shanghai 162.7 165.2  Guangdong 192.1 197.7 
China 131.1 129.3     
According to the Multiple Cropping Index distribution map and the statistics of different province, we will make 
further discussion about the heterogeneity of MCI from the respect of space and time. 
3.3. Accuracy analysis 
Figure 5. Correlation map between MCI extracted by RS and statistic MCI  
year 
province 
year
province
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To validate the effectiveness of this method, we make a significance test between MCI extracted by RS and statistic 
MCI at province level. The area of arable land and sowing area is got from China statistical yearbook (National Bureau 
of Statistics, 2001 & 2010). The correlation coefficient of year 2000 is 0.804, P<0.001 and the correlation coefficient of 
year 2009 is 0.813, P<0.001. From this we can see that the extracted result from remote sensing is significantly 
correlated with statistic data. Figure 5 is the correlation map between remote sensing based result and statistic data of 
different provinces of China, where the dash is a linear fit and the black spots represent different provinces with statistic 
MCI as x-coordinate and MCI extracted by RS as y-coordinate. 
What’s more, multiple cropping index of the whole nation in year 2000 is 131.1, while statistic data shows 120.3, 
and that in year 2009 is 129.3, while statistic data shows 130.3. Based on this analysis, we find that the method is 
reliable. 
3.4. Analysis of results 
The remote sensing based result reveals that the cropping system becomes complex from north to south. In the 
north of the Great Wall, single cropping is the primary cropping pattern, and MCI is low all over this area compared with 
other districts. The low use intensity of arable land is due to the low annual accumulated temperature of this high latitude 
area. Double cropping system is mainly distributed in Jiangsu, Hebei, Henan and Shandong provinces. The arable land 
south of Yangtze River is fragmented, and the cropping system is complex in this region, mixed with single cropping, 
double cropping and triple cropping. In the basin of Yellow River, Huai River, and Hai River, single cropping, double 
cropping and triple cropping is mixed, while double cropping is dominant. In the middle and lower reaches of the 
Yangtze River, double cropping is the dominant cropping pattern, causing this area a high MCI. MCIs of Pearl River 
basin, Hainan and Taiwan are also high because the long annual sunshine hours, which makes triple cropping feasible. 
From year 2000 to year 2001, multiple cropping index of China changed from 131.1 to 129.3, keeping almost the same. 
Although multiple cropping index didn’t change significantly during the ten years of the whole nation, case is different at 
different places within this nation. For example, multiple cropping index of Bohai costal region, such as Heibei, Beijing, 
Tianjin and Shandong, reduced significantly. Double cropping was the main cropping system of this region in year 2000, 
but the area cultivated twice a year declined for about 32%. Single cropping area of China in year 2000 is 64.5% while 
66.9 in year 2009, and 32.1% of the arable land cultivated more than once in year 2000 compared with 27.8% in year 
2009. The area of multiple cropping region reduced slightly during the ten years. 
4. CONCLUSION 
Crop cycle rule is the bond between multiple cropping index and NDVI time-series and this rule makes the 
extraction of MCI from remote sensing image possible. If a land is cultivated once in a year, NDVI time-series curve 
shows single crop phenology circulation, and if twice, the curve shows double crop phenology circulation. So we can 
extract the number of peaks on the NDVI curve to find how many times a land is cultivated. But there are some factors 
that handicaps the peak extraction process, such as cloud contamination and sensor disturbance. We employed HANTS 
algorithm to filter the image and remove the negative effect of cloud and sensor disturbance. After that, the number of 
peaks on the reconstructed curve is counted as multiple cropping index of the corresponding area. The extracted result is 
reliable since the correlation coefficient is significant between MCI extracted by remote sensing and statistic data. From 
the result, we can see that the cropping system becomes complex from north to south. And the area of multiple cropping 
region reduced slightly during the ten years from 32.1% to 27.8%. The research of multiple cropping index helps 
assessing the performance of arable land. Increasing multiple cropping index will significantly increase food production 
under the condition that technological level of agriculture doesn’t improve remarkably.  
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